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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of die 
Comptroller-General, hereby certify that annexed hereto is a true copy of the docvunents as 
originally jSled in connection with die patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as diat with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited conopany " may be replaced by p.Lc. , 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects die company to certam additional company law rules. 



Signed 




Dated 1 April 2003 
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The shflrpaess the cuttijag edge 
important ohaeacteristic for both 
cxiCting tools in geaoral. 

It II^ long been known Hiat the 
contributor to tiie ablUly of a 
cuttiDg edge made of softer material! 
looife Made U oftm msAo as ii thin 
.flBoribilily st> is to avoid brittle 
characteristics of hardiaess atod flexi] 
oUi^a: as most bard materials are typioi 



CUTTING TOQIL WTTfl HARD COATINQ 



Th^ present inventldn relates to kaivds and othex cutting tools having bladjss provided 



f a knife blade or similar cutting tool is an 
mc and industrial knives^ as well as for 



of a blade material is an impottaDi 
y bdg^ of the blade to ret^ 5haxpness> as a 
duioidy becomes blilknt. On the olbear hand a 
or as asheet, and its edge xttost have some 
or ohippiiig wheix u^ed. The two 
ility or tou^e^s oflm contradict with each 
[] ^brittle and easy to iSraoture. 



Ifistoriodlly various iedbniques includiug queaiichiiigr heat treatment or aHoyii^ have 
been lused to achieve the best ctmibinaiiqn of these two characteristics. 



ASMtopts have be^ made to jo^ake a 
describes a laufb blade vri&i one side 
a matrix. It is stated that the matrix 
coating is such that a considecable 
therd:^ defining a cutting tip on the 
let^ition chatacteriistics. However^ttik 
wfltftfifli projecthug finm matrix does 
coating picocess also does not allow 



3f 

is 

ndpier 
blade 



a 



blade wifti a hard coating, US 6,109,138 
its edge coated vdfh a paiticuldte material in 
sofijei; than the partioulate xnatmal^ and tha 
of the particulates project fiom the matrix 
edge. This knife blade has eubancede^ 
J:dga formed fay tipie separate particles of hard 
iict provide a sm;COth catting aotioru iThis 
thin coaling to be p^duc^ - the OOatmtg 
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tMctoxess is typically above 20-25 
than can be achieved. wiUx a blade ; 



Butopean pafent application no. 91 
coluixmiar czystal structuiQ that extem.^ 
face of Cbecoaf^iss. HoiVever, the m 
struotared coating does not provide 



andtibis sets a limitation on the 
Bucfa a Ihickhaxd coating layer. 




3062.9 describes a haxd coaling hsmOS a 
t vmy i^m asur&ceof ablatd^ to an outer 
i lanism. of wear and frooture in the columnais- 



10 act enable a smooth and sharp soalp 
important when the blade is used ip 
matexiols llmt can easily be ripped or 



These techniques, aMioiigh enhancinl tl le edge icetention characteristics of a blade, do 



tl-akcbladetobefbmied. This is particularly 
&ut Hun paper (smdh as tissue) Snd similar 
!or tl by an uneven edge. 



US 5,799^549 describes razor bladi 
diamond coaling baving a tUdaiess pf 
ra^iroms. This coating imparts 
coating, Tvinch has a sub-micron 1id 



mSx both sides co^^^ -Mth an amorphous 
at least 400 angstroms, typically about 2000 
and rigidity to a thin blade. However, the 
jss (400 angstroms is equal to 0.04 microns, 
2000 angsfaoms is equal to 0.2 joaicrU) and is foimed on both sides of the blade, 
does not provide fyx a self^shatlseai J efcet as the blade is used 




Embodiments of the present invi 
cntling blade constracfion so as to fee pit 
could easily be damaged by tearing 
obafaCteiistics of the blade. 



Tbrtugh e:«:tfetTu5ive expcsrimcntation 
mechanisms of various coatings, the 
cutting action can be achieved bj 



seek to provide further improvements in 
ate outdng, in particulat of soft materials -fliat 
o : nurture, while maintaining edge xetaoiioix 



aid miarosoopic observations of the wear 
piese^t appUcatXt has discovered that tte best 
Tfiing an optjjawJl COdting structure and a 
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ikcliii£Ldg lojeadsiQSS^ thif^ess and fiiction 



CoatiDgs substantially hard^ tiian ti e 
rate oftheciittmg blade. When one sjde 
wear significantly Jle&s fh^n tbjs other 
out various materials, micro-wear 
tton-coateid side of tiid 



3lade xxiaterial axe foimd to ^ddtiee the war 
of a bladbhas tbe hard coating, fbls 9ide "POiU 
haying no coatfajg. Ad the blade as u^ed to 
rej^ulb in a gradual rsmoval of matedal £boin the 



side 



As a xesultp after some use ifaa edge 
supported dom one side Ibe base 
the coalitig depends on its 
material in a softer ma±dbc will 
particulates j^rojectiog &un tiie matri|: 



Is 



tuicrostticture. 



haye 



comprised mainly of tlie hard coaling layers 
blade fflffteflal At this stage the behaviour of 
A coating consistuag of particulate 
the mattis: tetooved by wear^ leaving the 
farming a suhstaatb^mie'v^ edge. 



COi 



A hard coatib^ l:ia^^ a cohxomar 
between, the cotumnar micro-crystak 
wear» Leaving the coating edge MiS^ 
particles win break away fibom the 
defined by Hie thickness of the 
typically does not provide sufiEdLCnt i 
type of blade is ofien made vAiix 
again makes the edge eSSeniiaUy 



^truiiture 



coating 



'iOLe^en 



According to a first aspect of the prdse](Lt 
having a cutting edge made of a firiS t 
coaled on one side thereof with a gee oiid 
material cx pseiatej^s, c^amteti&ed iz 
or laminar microstnicture. 



ahd: 



will ^ically fiaetute along boundaries 
T^^faen the blade base material is r^oved 
iasuiBSdOTt si^^poert, small micEro-czystalline 
iting. 3h this eveg^t, the edge shaxpnesa is 
layer. A coadng more than 2 microns thick 
hiarpness, and to improve its cuitdng ability tins 
'SCdUops to Ibe non-coated side. Ibis 
and ^ects Hie cutdng acttoa 



sefraliOEas/s 



invention, tbere is provided a outdjog tool 
ijjaterial 6r materials, the cutting edge being 
material wbstantially harder lhan the furst 
ihsA the second coating n^aterial has a layered 



3 
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15 



Coatings having a layered or Lai»mar 
kucma coatmgs for cutting edges- 
and dbes not pcovide sufficient 
coa;ting bieak away following Hxe 
thinner coating on the blade edge 
fixnootli and sca^l-like and oiakes 
tiiat can tear or ruptoie the ina 




miarostruoture exhibit differeaat behaviow to tte 
Ihe blade substarate matefial is woa a'w^y 
si5)p5ri for all of the coating, micro-partiolea of the 
la^ ^red or iaxninar stcuctojce pattern, lliis leaves a 
f] at enhances fhe edgie shazpness. The edge is 
i £[nooth and cleai^ cut, unlike saw-lilQa blades 
gcuL 



beiDi 



material our matescials, chaisictsrised 
amorphons mlccosttuctorei and in that 



In. some embodiment, liie amorphotLS 
microna, preferably 0.5 to 5 jnicrons. 



20 An amotphQias coating, jfcr exanqde £ 
without leaving rough edges^ and due 



dj aix^o^fike Qoatrng, tends to wear nnifoimly 
to its hardness tends to maintain its shatpnessa 



BxpeDeimeats made by fhe prraent a] 
shown 'Qxat to aoHcve a se] 
25 and preferably at least 2-3 microns 
microns generally do oot piovide 
is fhflrt&re within this range of flaick^^ 



Accotding to a second aspect of the p re^ ent invention, thete is provided a cutting tool 
having a cuttwjg edge made of a finlt material or mategrials, the ctrtttng edge being 
coafced dn one sid© thereof wifli a $e\ o?id nmterial substantially harder than ft^e first 

in lihat the second coating mateiial has an 
; second coating material has a tbicbiess 
1 0.1 to Smicron9» 



phcant 



widi various coating iMoknessra have 
^If-sharpeni^g kction, the coating must be sufficiently thick, 
the other band, coatings thicsker than 15-25 
ahazpness. An optimal coating tMckness 



Od 



coating tl3Licfejt3i.e$5 may be fiom 0J5 to 25 
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Ttoe pieeseiKt a|)plic?a3it im also 

cultitig and fur£har conblbiite to a 
s^ipeaxs to be particularly useful for 
5 is easily damaged tearing or 



px 



The present invention can be applied 
tools, such as for 6x:ainple an ordinary' 
in industry for cutting paper, a 
shapes. The invmCion can be 
And/or plastics (among olheisX inc 
tools* 



The blade can be made either as a 
■ftie case of a single-bevelled blad^ 
an the case of a doiible*-bevelled blade 



tihat coatings having a lovr coeffioiCTt of 
swfeee feciUtate blade movemeot vrfiile 
.ooth cutting' action and cut quality. ' Tbis 
soft and weak ■material like thin paper. 



outing 



ruptuthkg. 



m relation to various types of fcoives or cutting 
d( anestio krufe^ adisk shsqsed f otaty bwJfe used 
giiillot ne-type laiife, and cutting tools of various 
^ppli<!d m relation to tools for cutting metal, wood 
Itdimg saws, planes^p drills and other nsachimilg 



do ab e-bevelled or as a siagle-bevelled blade. In ' 
tljie i coating is fomaed on a flat side of ^e blade, 
ei ther side of Ihe blade cm be coatedi 



Various coating technologies can h€ i]sed 
among them ChemLoal Vapour Depojsition 
(PVD). 



CVD tun^gsten and tungsten carbide 
bean "used by the pteSrat qyplicant to 
^liedtd steel, suehcoatii^ 
niokdl, copper or other metals 
tpipgsfcen and iurdier evon harder 
thickness ftom 1 micron up to 25 
were applied. The coating jpre&rab 
ranging fcom 0.1 up to 0^2 against 



general y c< 
Is ^n^efacch 
la> etr 
mjcraynsy 



&r depn^ltfoii of the ooathig mscteiiaU 
(CVD) and Physical Vapour Imposition 



ccatings described in PCT/RU99/00037 have 
ff( duce a hard coating on a knife blade. When 

I comprise an huner sub-layer Udiially made of 
fly resistant to fluoiine), a layer of mertnl 
contaimz)^ tungsten oarinde. Coatings of 
and hardness fiom lOGPa up to 40OPa 
has a low coefScient of £ricti(m, typically 



JteeL Extensive expemnentatlcn was used to 



5 



-2B. MAR. 2002 19:14 



HARRi-soN mom m 



r. ly 



10 



15 



25 



idaatify the coffdng parameters to prpvide 
including the coating structure, tbiclailes^ 



AnOfhfer coating process used for tihi^ 
Iik§ oDSrting process. This pjcotess 

discljatge in a vacuum dbanil; at 
Torr, and a substrate temperature of a ; 
may last approximately one hoxxx^ the 
100 Angstrom up to 30 microns, "witl i 
This coating also has a smooth suxfecj \ 
betwwn 0.08 and 0.1. 



After depositing fhf^ coating on one 



consisting of flie hard coaliag layer 
course of use, the basic blade mi 
thin lafyer of fee hard coafit^. Wh" 



ci^ating^ 




die advantages of file presetrt invention, 
I, hardness and fiicdon coeffloledtiL 



h vendbn is a plasma-assisted CVD diamond^ 
decompositLon of hydrocarbans in a 
evacuated down to ft presSxnce of 10'^ to 10^ 
2tfC. During the coatk^ proems, which 
can be produced with a thickness fiom 
hardness ranging firom 40GPa Up to 70OPd» 
a Very l<w coefficient of firiotion, typically 



aidi 



side of a cutting edge, the other side may be 



additionally sharpened by grhwEng or ly any other teohuique. Tim fixms an et^ 



he basic blade matedal, usually steel. ludie 
is removed by wear and abrasion, leaving a 
(tie basic blade loa^tesdal is ns>t «ffi<5«nt to 
pieces of the coatiflg tmy be tooJcea away, 



^pOKt the hatd coating, microscopic 
typically following a layered pattern of the coating structure. This gives a smoolh 
20 scalpeHike blade edge wiUi sharpnesL f lat can not be achderved with Ifaiclcfer coatings 



or coathigs having a Goluinnar 
sharpness. 



advantage wmei . the 



A smoofli scalpel-like blade edge 
mvendon is a particular 
be easily damaged, fyt ej^ple fWij 
present applicant that to achieve this 
indude a stage of dressing or sharp 
cutting edge to remove burrs and proj 




Use Of die blade actually enhance the edge 



enhanced sharpness made udAg the prfeSeat 



blade is cutdng soft materials that could 
t>llet tissue. Jit h^ls also beeto ifowid by the 
sckpeHlke blade, a sharpening process should 
leniig wifli a sharpening tool moving along the 
3 5ot ing areas of the coating or substrate material. 



6 



28. MAR. 2002 19:14 



HARRISON GODDARD FOO 



Na 459 P. 20 



10 



15 



20 



25 



The exfln^es given below iltustrate 



iA invoitioix apecifioaUty in nladon to the use 
of CVD tod amorphous coatings. I vevar, these Samples are not to be taken as 
limiting the scope of th© inveaSonto 
may also bAve the propoHes requiied 



tb Dse specific processes* since other ptocesses 



coating 13 micarons ifaiok. The olhei 
including edge diessbg by way of a 



Exaaiplel. 

A set of nine dMBfistic Imives made o F s taMeas stedl were coaled 
coBsisdng of layers of niokei, tuug tei and tungsten carbide. The knives \reiB 
positioned ia a ^vacmitt<teasei; so Ibto^ ^ 
eoaliije W8 produced wilh liiree di£E U Qt ftiol^ 
microns tMdt thrw blades vriJh a cc ating 9 nricions tiM 



side of the blade -was sharpened by grinding, 
L ibi npening tool being moved along lBa& cuHjng 
edge so as to remove buns and proj toling parts Of coating and steel. Tbs coating 
produced had a £A^on coefficient a^sainlst steel of 0.14. 



tc 



Hbta knives were tested on a test rig 
QjtM load by leoipiocadi^ movemeti b; 
the block was coinded. 



All the tested knives cut the fust block 



cut 50mm thick cardboard blocks nndotr a 
\^e the xoimbei: of stfokes reqpiired to cut 



: jf cardboard in s^jproximately 5 strokes, and 
this number of steokes was genaalft j x) »aitttaiioed said fitadually xed^ced d«ti»g tiie 
tests which involved cutfing 100 blLils. For comparison, a standard non-coated 
fihatp knife cut the fest block in 2-3 to )kes, but «»e rtWnber of strokes itwrcased up 
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to 70400 when it cut tiie 5th. blot 
quickly. 



-NU. ^^"i 



r. ^1 



^$ a x^Xilt of tbe edge 'beconung blimt v&ty 



Tbis clCTXonstmted that the ooatin ? % rovides a $eb^sl:^e(Qing cuttiDg edge, 



Two disk rfftaty ktilves wejce coated 
BickeU tungsten and tungsten carbiiie 
chaDnbdr so fhat end side of the koife 



griadittg anothet side of the edge, ai d 



showed it to be sraooth with, a sharp s pal pel-like edge, 



Tests of the knives showed eohancec 
IS bdng out 



EaBUiiple3» 

Digfc lotary ktdves used &r cuttiaag 
diamond-like coating O.S microns 
against steel of 0.1 • 



Tests showed that the coated edge 
&aix anon-coated edg0, wifltot* 



\/iai a CVD coating consisting of layers of 
Th& disks w6!ie positioned in a vatsuum 
had a coadng of 5 microns in one case and. lO 



microns in the other. The disk kni lek wctb shaipejjed by dressing the edge and 



observation of the edge nnder a mioFOSCope 



c rtttog actiOA "vvithoiit damage to the mateiiaL 



maiatained 



Example 4. 

Cuttirig tools Syr cutting polyefJiylTO* ^ 
known as skiving were made of too 
profiled to makfc a dwp cutting edge 
and the process the tool lasted 



sKSri grafte in pl^o surgeay weie coated with a 
tiick. The coating had a fidcdon ooefGdleDt 



its sharpness Tip to five times longer 
to ro-sharpoa the knife 



appKHamstely 



film from a polyethylene Mock by a process 
5 tee! as a 'loxSig har with "one (MT two comets " 
1 eoaose of the abrasive nature of the mstedal 
one day. Two cutting tools were coated 
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with CVD tungsten carbide on a flfi 
codffident against steel of 0.14. 



t £ ide of fbe bat. Ti^ coadng had a ficictioki 



polyetay ^ 



the tool was used far cutting 
5liarprtes$ was maintained oveir a pdaoA 
tool life. 



A blade of a plane was coated with fc'VlD 
blade had a haid coaling. The other, lyeA^elled, 



The plane maintained its blade shaxDnesa 
longer than a period after which a sta adard 
was stopped. It is expected that the coa^ 
logger periods of opeialion. 



A metal outdng tool made of tool 
carbide on ode side of its cuitilis 
sub-layer, a 0.5 micaron tuojgstoa 
carbide i^proxunately 1.5 niicroii 
up to a total thickness of 10 micx^ 
Steel of 0*14. 



filtn^ and fhd tests showed that the tool 
at least foto: times iong» than fbj^ tiCdmal 



tungsten carbide so that aflat side of the 
side of the blade dsi^eaed. 



st[d 
ed£3 



for an operatiot)^ p^od up to 3 times 
L blade requires ^haa^petjitig, befoto testing 
L blade will maintain its shaipae$s Syt evea). 



was coated with midti-layia: CVD tungsteix 
Hie coating consisted of a 1 micron luckal 
followed by altamating layers of tungsten 
Ihicj t j md tungsten approximately 0.5 xxiicron thick, 
Ixe coating bad a fiiclion coefSdent against 



Hw tool was used for cutting alunxmii m, and tests showed that the tool had enhanced 
cutfing 4uaUty, reduced sticking of al ixn inium shavings, and the tool xemained sharp 

L nr rmal non-coaied tool Thj6 tests were then 
rOiCted tool could continue cutting alTi nrrini n m 
while lemaining diarp due to thfi ooiithig, thereby ensuring an enhanced quality of 
out 



&r at least four limes longer than a 
stpppedg but it is expected Aat the 
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CLAIMS! 



siae 



1, A cutting tool hairing a cidtijD^ 
cttfticxg edge bemg coated on one 
harder than the fhst material ox 
mat^M has a layered of lammar ini^ObiTnctiiLa. 



dge made of a first mateiial coaterials, th© 
tiiereof Tvith a second mateaial substantially 
mM^Cpl^) characterised in that ihe second coating 



2. A tool as Claimed in claim 
coeffldeoat against steel of 02 or less. 

3. A tool as claimed in claim 
Chemical Vapoixr Deposition in a 
atmospheric pressure and at a 
650^C. 



4. A tool as claimed in any 
Scom 1 tb 25 micErons, piefeocably 3 to 



5 ; A tool as claimed ki any 
20 widi roughness Ra of O.S microns or 



6. A tool as claimod in any 
layers of tongsteoi, tongsteti catbid^ 
cartddea allo^yed ^^vxth Hwrnne in amo 



whecem the coating matedal has a fdcfion 



or 2, wherefai the coating produced by 
vacuum chamber at a pressure lower thaiJ. 
above 400°Cj, preferably j&om 480*C to 



rre ^e^ 



7. A tool as daimed !n any 
umennost layw of tungsijea, on vrtiikh 
hatdtiesa, cofii^istmg sub^tantiany ot 
tiingstm carbides mth tiingsten. 




precc di ig claim, wherein the coa*i??g has a diickness 
0 microns. 



preceding claim, wherein the coating has a 
lbs5, preferably 0.5 microns or less. 



pr?c4ding 



daima vvhsrein the coaling comprises 
todA:>r mixturBB of tungsten with, tungsten 
ranging from 0,0005 to 0.5 wti^. 



ceding claim^ vAereln fhe coatitig bad an 
axe pronded altematiTig layers of drBTering 
tiingsten carbides, tungsten, and mixtures of 



10 



29. MAR. 2002 19: 15 



HARRISON GODDARD 



20 



Na 459 P. 



8. AcottiQigiXiolliavi^ 
cutdog edge being coated oa one si 
t^rdei iban the first material or 

has afhiokzLess fiom 0.1 to 25 microi 



side 



9, A tool a5 clakdied In claim 
firom 0.1 to 5 mioroBs. 

10 lOi A tool as claimed in claiDn| 
coeffideUt against sttol of 0.1 or Less 

IL A tool as claimed in claim 8^ 
coating produced in a vactxam chanib ^ 
IS and atatempezatuie ficom 20 to 60^C 



^dge made of a first material or materials^ the 
thereof wifh a second material sfubstaniially 
chaxactedsed in that the second coating 
idufe, dad itx tbe second coaling material 



>f^herein the coating matejdal has a thickness 



13. A tool as claimed in any preceidi] ^ clsdm, ^heroin the tool is a^knife. 



14. A tool as claimed in cMm 13, 
25 15. A tool aa claimed in any One 

16. A tool as daixned in any one 
cutting tool. 

30 



w acTOlAtte knife is a disk rotary knife. 



cf 



12. A tool as claimed in any an< 
thidmesa of 0.1 to 5 mic«ons, and a iStaxface 
of the first material or materialfl. 



or 9a v^etein tbe c6at3ng has a fiiction 



Of 10, wherein the coating is & diamond-like 
xt a ptQsswe lower than atmosphedc piressme 



daims 8 to 11^ xohoFean tius coating has a 
toughness similar to a surface xou^bness 



: ' claims 1 to 12> Wherein the tool is a metal 



o: ' claims 1 to 12» wheirem the tool is a wood 



11 



1 7- A tool as claimed iXL any ooe 
eutting tool. 

18. AcUttuogtOOLsilbSt^allydS 



bf cdauns 1 to 12, ^escmliid tool is a plastic 



Its reixxbefoio described. 
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wear evenly and smoothly, fheieby k k| mg a cutting edge of the cutting tool smooth. 
Fiardiennore, by coating Ihe cutting edge on one side only, th.e outfing edge becomes 
selfHsliaip«ung. 
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There is disclosed a cutting tool heviag a blade coated otx Oxj6 side tvidi a hard 
ftft ating liavfng a laminflr, laveo:^ or i m orphous microstaxdure. The coating tends to 
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